Receptor sites for neurotransmitters may be spatiaIly oriented within cerebral vascular walls, The direction from which neurohumoral stimuli arise (e,g., perivascular or intravascular) and the location and type of receptor activated may therefore determine the nature of vascular response, I review a series of studies that examined cerebrovascular responses to histamine and suggest that histamine receptors are differentially and spatially organized in two profiles within the cerebral circulation. A transmural distribution is suggested from the following results: increases in permeability of the blood brain barrier (endothelial cells) to intra-arterial infusion of histamine were mediated by H2-receptors; increases in blood flow to intra-arterial infusion of histamine occurred only after the blood-brain barrier was disrupted and were the result of stimulation of both H1-and H2-receptors. These responses proba bly occur within inner layers of arterial smooth muscle; dilatation of pial ar terioles to local microapplication of histamine and its receptor agonists indi cates that H2-receptors are the predominant type in outer layers of arterial smooth muscle. A segmental profile of histamine receptors within the cere brovascular bed is suggested as follows: since both H1-and H2-receptors could mediate dilatation of arterioles and arteries, it may be concluded that both types of receptor are present in resistance vessels; in the capillary bed, H2receptors are the predominant type; capacitance vessels (pial veins) did not respond to perivascular application of histamine or its agonists, These studies suggest that receptors for histamine may be sparsely populated or absent in cerebral venous smooth muscle, Key Words: Cerebrovascular smooth muscle Arterioles-Blood-brain barrier-Capillaries-Veins-H1-, H2-receptors.
Receptor sites for neurohumoral substances are probably not distributed uniformly within vascular walls. As well as differences from organ to organ, the density, location, and type of receptor for a par ticular neurotransmitter may vary within segments of an organ' s vascular bed, and even within a given segment of blood vessel (Folkow et al. , 1961; Ab boud et aI. , 1976; Powell and Brody, 1976; Brody, 1980; Kobayashi et aI. , 1981) .
A segmental difference in reactivity to circulating vasoactive agents has been shown by several studies (Abboud et al. , 1976) : for example, angiotensin (Folkow et aI. , 1961) and histamine (Diana et aI. , 1968) produce greater responses in limb resistance vessels than in veins. These results suggest that receptors for these agents are more densely concentrated in arterial than in venous smooth muscle within the same organ.
Transmural differences in sensitivity to norepi nephrine between inner and outer smooth muscle in the sheep carotid artery were demonstrated by Graham and Keatinge (1972) . Their studies indi cated that the inner layers of vascular smooth mus-cle were considerably more sensitive to circulating amines than abluminal smooth muscle.
The putative cerebral neurotransmitter, his tamine, may have an organization of vascular re ceptors that differs from that proposed for other neurohumoral agents. It has been suggested by Brody and associates that it is not the inside but the outside of arterial smooth muscle that is more sen sitive to histamine. There is evidence from their work for a transmural differentiation of histamine Hr and H2-receptors: HI-receptors, localized pref erentially along inner layers of vascular smooth muscle, mediate predominantly the vasodilatatory responses to intra-arterial administration of his tamine (Powell and Brody, 1976) ; H2-receptors, lo calized in greater concentration within outer layers of smooth muscle, mediate responses to mast cell histamine (Powell and Brody, 1976) and to his tamine applied to the outside of arteries (Galeno et aI. , 1979) .
Such an organization of histamine receptors may be present in cerebral vessels, but this has not been evaluated systematically. Wahl and Ku schinsky (1979) , who used a perivascular injection technique for studies of pial arterioles, showed that vasodilatatory responses to histamine were the re sult of, primarily, H2-receptor stimulation.
I have performed a series of studies to examine responses of cerebral vessels to histamine and have found evidence for different involvement of his tamine He and H2-receptors (Gross et aI. , 1981a -c) . On the basis of the results of these studies conducted in Glasgow in collaboration with Professor A. M. Harper and Professor G. M. Teas dale, I present an hypothesis that the two receptors for histamine have different spatial distributions in cerebral vessels.
Transmural Differences
Endothelia (Blood-Brain Barrier)
The structural and enzymatic properties of cere bral vascular endothelial cells constitute, for cir culating solutes, a restrictive interface between blood and brain (Rapoport, 1976) . When alterations in cerebrovascular permeability occur, therefore, it is the integrity of the endothelial cells that is in volved.
The effect of putative neurotransmitters on blood-brain barrier function has not been well studied. One such substance, serotonin, increases J Cereh Blood Flow Metahol. Vol. 1, No. 4, 1981 endothelial vesicular activity when perfused through the ventricles in high concentrations (Westergaard, 1975) . Adrenergic and histaminergic stimuli may also be functionally important, as ligand binding studies have revealed the presence of their recep tors in brain micro vessel fractions (Peroutka et aI. , 1980; Kobayashi et aI. , 1981) .
The importance of histamine as a mediator of vascular permeability in nonneuronal organs has been emphasized by many studies (for review, Owen, 1977) . In skeletal muscle preparations, for example, it has been demonstrated that the in creased permeability and formation of edema re sulting from intra-arterial infusion are mediated through both types of histamine receptor (Flynn and Owen, 1979) .
We were interested in identifying whether intra arterial infusion of histamine affected the perme ability of the blood-brain barrier, and if it did, what kind of receptor(s) was involved. Prolonged (15min) infusion of histamine into the internal carotid artery of rats increased permeability to labeled su crose by approximately twofold (Gross et aI., 1981a) .
This increase in permeability was blocked com pletely by prior administration of metiamide, an H2receptor antagonist, but was not significantly affected by the Hereceptor-blocking agent, me pyramine. From this, we deduced that the increased permeability of the blood-brain barrier had involved H2-receptors, located probably on the luminal plasma membrane of endothelial cells.
There is strong neurochemical evidence for the presence of H2-receptors in cerebral endothelia.
Changes in the permeability of the blood-brain bar rier may involve altered activity of adenylate cy clase (J06, 1979) . This enzyme catalyzes formation of cyclic adenosine monophosphate in cerebral en dothelia, and its activity is stimulated through his tamine H2-receptors but not significantly through Hrreceptors (Karnushina et aI. , 1980) . I suggest that function of the blood-brain barrier can be influ enced by a histamine-adenylate cyclase mecha nism that is dependent on stimulation of H2receptors.
Inner Layers of Arteriolar Smooth Muscle
Vasodilatatory responses to circulating histamine in peripheral organs may be mediated by both Hr and H2-receptors (Powell and Brody, 1976; Owen, 1977; Brody, 1980) . Histamine-induced dilatation of skeletal muscle vessels, for example, involves both receptors (Powell and Brody, 1976) , whereas coro nary vasodilatation is mediated mostly by H2receptors (Owen, 1977) , and intestinal vasodilata tion results from predominant interaction with He receptors (Owen, 1977) .
We determined, in rats, cerebral circulatory re sponses to carotid arterial infusion of histamine and evaluated what receptors were responsible for the changes in blood flow (Gross et aI. , 1981b) . His tamine infusion by itself had no effect, but after hypertonic disruption of the blood-brain barrier, histamine produced modest increases in cerebral blood flow that could be blocked by either mepyramine (Hcantagonist) or metiamide (H2antagonist). Histamine-induced increases in flow were mimicked by the specific receptor agonists 2, 2-pyridylethylamine (HI) or dimaprit (H2). The in creases in blood flow appeared to result only from vascular dilatation because increases in cerebral glucose consumption were not detected (Gross et aI., 1981b).
These results suggest that intra-arterial his tamine, upon gaining access to inner layers of smooth muscle through an open blood-brain barrier, causes dilatation of cerebral resistance vessels by interaction with both types of receptor.
Outer Layers of Arteriolar Smooth Muscle
Studies by Wahl and Kuschinsky (1979) demon strated that histamine is a potent dilating agent when applied perivascularly to the outside of pial arteries. Their studies with specific receptor blocking agents showed, furthermore, that H2receptors were predominantly responsible for the dilatation; HI-receptor blockade produced only a minor rightward shift of the concentration-response curve for histamine (Wahl and Kuschinsky, 1979 ).
This conclusion is consistent with previous in terpretations involving histamine in skeletal muscle (Powell and Brody, 1976) and cutaneous (Galeno et aI. , 1979) arteries.
We were interested in further evaluating the re sponse of pial arterioles to specific stimulation of histamine receptors. In contrast to intra-arterial administration, we used the cat open-skull prepara tion in which the specific histamine-receptor agonists, 2, 2-pyridylethylamine (HI) and impro midine (H2), were applied perivascularly to pial ar terioles (Gross et aI. , 1981c) . We confirmed the conclusion of Wahl and Kuschinsky (1979) that pial vasodilatatory responses to histamine were mediated by H2-receptors: pial arterioles were very sensitive to impromidine but only dilated weakly even to high concentrations of 2, 2-pyridylethyl amine. Taken together, these observations indicate that although Hcreceptors are probablY present in outer layers of cerebrovascular smooth muscle, they are not very important for vasomotor re sponses to histamine. H2-receptors are probably highly concentrated in outer smooth muscle of arteries and arterioles (Brody, 1980) .
Segmental Differences

Arteries and Veins
In examinations of arterial and venous responses to vasoactive substances, it has been discovered that the two vascular segments differ in their reac tion to the same stimulus. Angiotensin, for exam ple, strongly constricts resistance vessels in the cat hindlimb but has little effect on capacitance vessels (Folkow et aI. , 1961) . Segmental vascular responses to several other neurohumoral agents, including histamine, have a similar pattern (Abboud et aI. , 
1976).
To examine the possibility that receptors for his tamine might not be equally concentrated in differ ent segments of the cerebral circulation, we com pared the responses of pial arterioles and veins to perivascular administration of histamine-receptor agonists and to histamine itself (Gross et aI. , 1981c) .
There were striking differences in response to the histamine agents: arterioles were very responsive to stimulation of H2-receptors, moderately responsive to histamine, and slightly responsive to stimulation of Hereceptors. Veins, in contrast, did not respond to any concentration of the histamine substances.
These results suggest that histamine H2-receptors form dense populations' , and Hcreceptors sparse ones, in outer layers of �rterial smooth muscle, and that histamine recept()rS are absent from the outer surfaces of cerebral veins.
Statement of Hypothesis
The results of our studies suggest two profiles of distribution for cerebrovascular histamine recep tors. First, there is a spatial arterial-venous con centration difference: there is a greater histamine receptor population on the arterial than on the ve nous side of the cerebral circulation. Second, there exists a transmural differential distribution of Hl-and H2-receptors ( Fig. O. H2 -receptors are predomi nantly located in endothelia and in outer arterial smooth muscle, while both receptor types are pres ent in inner arterial smooth muscle.
Implications
The transmural profile provides a model for evaluating the participation of the different his tamine receptor types in events within a particular segment of the microcirculation. For example:
1. Th e blood-brain barrier fu nction of cere brovascular endoth elial cells. Our results, and those of Karnushina et ai. (1980) , suggest that H2receptors are principally responsible for the endo thelial response to histamine. On the other hand, however, in addition to H2-receptors, Hcreceptors are present in cerebral microvessels (Karnushina et aI. , 1980; Peroutka et aI. , 1980) . These Hcreceptors may have a role in inflammatory conditions (Plaut, 1979) or in capillary permeability responses to neural activity, as has been indicated for central noradrenergic innervation (Raichle et aI. , 1975) . Gross et aI. , 1979; Heistad, 1980) . By con trast, an inhibitory action of histamine on adrener gic activity in the vessels of nonneural organs has been found (McGrath and Shepherd, 1976; Powell, 1979) . This type of depressor effect by histamine may be important to the normal physiological func tion of cerebral vessels during high sympathetic ac tivity; thus the vessels' lack of response to sympa thetic activity (Heistad and Marcus, 1978) Histamine receptors are probably more densely populated on the arterial rather than venous side of the cerebral circulation. Such an arrangement of re ceptors would determine the circulatory responses and, in particular, the effects on microvascular pressures and fluid exchange during histamine re lease or administration. Thus, the effect of his taminergic actions on cerebral arteriolar smooth muscle would be, according to my proposal (Fig. 2) , to decrease precapillary resistance without affecting postcapillary resistance and so alter the balance of Starling forces within the capillary circulation. In dog forelimbs, intra-arterial infusion of histamine decreases capillary hydrostatic pressure, increases capillary and venular permeability, and causes tis sue edema (Dietzel et aI. , 1969) . Intracarotid infu sion of histamine increases blood-brain barrier per meability through H2-receptors (Gross et aI. , 1981a) and causes edema in cerebral cortex (Gross et aI. , unpublished observations) . The resulting increase in tissue pressure that accompanies edema, which is manifest by swelling of some neural compartments, might impair the diffusion of gases and ions (Bourke et al. , 1980) . Therefore, if histaminergic mecha nisms are involved in some kinds of cerebral edema, the identification of the receptors responsible may be important in clinical treatment.
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The concepts presented here derive from studies in different species that may or may not have the same organizations of vascular histamine receptors (Owen, 1977) . The hypothesis can, however, be scrutinized experimentally. Pharmacological agents for stimulating and blocking histamine receptors, such as the drugs used in my studies (Gross et al. , 1981a-c), have strong properties for specificity, affinity, and potency (Table 1) (Owen, 1977; Schwartz, 1979) . Radioligands have recently proved useful in identifying the location of histamine He and H2-receptors in the brain (Burkhard, 1978; Palacios et al. , 1981) , and for adrenergic receptors in cerebral microvessels (Peroutka et al. , 1980; Kobayashi et al. , 1981) . The application of these techniques to cerebrovascular preparations may clarify the location of vascular histamine receptors. Furthermore, the acquisition of reliable histological staining methods for identification of tissue his tamine stores (EI-Ackad and Brody, 1974; Ed vinsson et al. , 1977) , and the use of perfused vessel Owen (1977) and Schwartz (1979) .
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